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COMPOUNDS 

Tbis inventioii related to a mefhod of providing meat flavoiiixng to foodstuffs and to novel 
cotiopounds fogr providing such flavouring. 

5 

It is known ibat the fbntiatiozi of meat flavour proceeds via a sequexico of steps known as tfao 
MaiUard rsactioiL The sequence may be rqsreseated as follows: 

The Maillard reaction is also known as zLOn-en29n]atIc btowxung. The Amadoii coni^ounds are 
10 key iotemsediates in the fininadon of flavour^^ 

One anmio add for which no Amadori compound has hithortD heea identified is cysteine 
(CH2(SH).CH(NH2).COOi3). Cysteine plays an importqiU: role in the develo|mimt of flavour in 
meat^ euii^ -Qsk is bdieved to result firom its ability to release hydrogen sulphide under the 

IS conditions of &e Maillard reaction (see, for example^ Kobayasbi and Fujimaici in Agric. BloL 
Chem., ^ 698 SI 965). Nometous references have attributed to sulphur conq^ounda a central 
role in the &rmation of meat davoinrs. Hdweveri unlike aU ofhesr amino acidd» csrsteme has 
hilherto hem believed to hshibii tiie MaiUanl reaction, because it tends to fcom idativel^ stable 
2-glyco^lthiazoUdine-4HCsaxb03Qrlic adds, and thiu» reaction mnipetes with, and may even 

20 prevent the fbmiatton of Amadori compounds. 

It has now been fimnd, smpriaingly, Hvst^ not oxdy is it is possible to make Amadori oompounds 
fiom qyataine, but also that tliese compounds are particularly effective at confbning meat 
flavour in &odstufiGs. The invendon tberefbore provides a compound of the fismnda I: 

^^2 CH ^HN CH2 C (CHOH)n -R 

COOH " 
25 I 



in Mdiu^ R. is liydic^eii wheo car meHbsi tvbeii ii=<^ . 
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Althauglithe cornpwmd is depicted as of fonnula I, this foiraulais in feet to equiKbrium 
•wilSx two oilier forms, la and lb, as shown bdbw: 

(CHCIH)„ iiHOH)„ tHOCH)„ 



I 



lb 



5 These cyclic fonns are included within &e scope of the invoition. Also tooIndBd am aU oiher 
isomiHic fonns, of whicli a nuniber aa» possible (for example, wiiea L-cystedne reactB -with a £>• 
orL-sugai). 

Tbe CK)jMpOttnds may "be pvepared by known methods, Amino aoida or tJieir sails mwf be reacted 
10 with an aldose eittior in the presoace of about 20% of water (see EJPX X Anct, Austr. J. CbeoL 
10. 193-197 (19573) or in an organic solvent (see K. Heiyns and H. Paiilen, lieblgs Ann. Chem., 
AOf 160 09S9)). In all pdcepacallons of Amadori compounds so fer laiown, a reaction medium 
vith low water content is essential to bring about Ihe required condensation with aldoses to 
glycosyl amines. However, the jmsparatloai of the Amadori conqmiiiids of <qreteme can also 
15 conveniently be earned out in dihite aqueous solutions or in mixtures of water with water- 
miscible solvents. It is not necessary to isolate the initially-fonned 2-glycosyl<hiazolidine-4- 
carboxylic acdds. Tbs fbnnation of the Amadori compotmda from cysteine plus sugar or from 2- 
gIyco8yUuazolidinfi-4oarbaxylic acid is subject ta geaeared acid ca^atyBia. For His reason, the 
xeactioiiB axe prefbablycanied out in the preseniK of bu£&i8 having 1 and 9, 

20 pirefiaBb!ybetwee3x2and6. 
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Allhoiigh 1h© Amadori reanangemsnt proceeda at room temperature. It is preferred to accdarate 
it by healiiig. The preferred temperature will depend oa the solveiits used and on the reactant 
wmcentialions, but fbs temperature generally Ues between 60» and 110*C At 9ft*-100*C, tbe 
piefened leaclion time of flie aqueous bufeered reaction mixture is ftom 1-12 hours, 

S 

The Sttgaid to be used for Uie present invention ate aldoses wifli 3-6 carbon atoms, including 
tildopeiiioaes, aldohexoses and deaxyaWohexoses, Specific sugar examples are the aldopentoses 
ribose, aiabinose, xylose and lyxose, the aldohexoses glucose, mannose and galactose and the 6- 
deoxyaldohexoses ihamnose. fhoose and chinovose. Mfattures thereof can also be used, m 
10 addition, all stMeoisonKeriofbnna of tfaesesngarsin^ 

TbB ayawR may be used as Ihe c6nq?ound itself oi in the form of a derivative or a salt, which 
fimn Abb cystehie under the reaction conditions. Bofli and D-cysteinB and mixnaes thereof 
jnaybei»ed.l!»ffloterpa<»poiiiooflofi^ 
IS 1:5, pr^acaiblybetweea 1.2:1 and 1:1.5. 

Tb» buffois used may conqnise nrixtmes of weak acids and bases or conqjonnds that possess 
both an addic and a baric fimctkw. SuitaWe acids inohide oaiboocylic acids and phosphoric acid. 
T^ical Bxanqiles of bases include the sails of fihe pnsviousljr-inentioned acids, for cxanqde, 
20 fliair aUcaU metal saha of their salts witb mttogenrcoataining bases sudi as pyridine, o-picoline 
and tertiaiy aniinss. PiinHiy and secondary amines msy also be used, 

reaction medium contains ft large excess of water, to prevent flie competitive reactioiis of these 
<>Tt.int»ft vrifli the aldose to g^yoosybmines and Amadori teairanecraent oon^jaunds of ttiese 
amines. Examples of coo^omids with both addic and basic fimctiona are amiii0 acids ortteir 
25 salt8» for examplB glycine, proline and monosodhim g^hitamftte, or libonncleotideB or flicar salts, 
such as disodium inosine-S'-monpphosphate. The bufiEers are preferably used in conceotratioiM 
of from 0.1 to 10 timn die molar concentration of orysteine. 

■nje Amadori conqpounds thus preopared may be dsolatod as crude products and purified by 
known medio^ to give the compounds in colourless, arystalline fium. 

30 
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The Amadod compoundd of inyenliQn may be used to impart a meat-like taste to fi)odstu£E^, 
both taeat and aon-mi^t^ by mcoiporatiion of fhe conrpounds or compositiaQS containiag them 
into the foodstuiT and subsequent hating. The prefened heating time depends on the water 
activily, the temperature used and the nature of the Amadori compound^ but typically it is about 
5 the time needed to :&y ox cook mjoat 

The conoentraiion required may vaiy over a wide range, depending on flhe desired teste and 
aroma effects^ but as a general guide, Hvsy axe employed in concentrations of &om S to 5000 
ppm by weight of feodstuffin consumable fonn. Good results are obtained by using tarn 200^ 
10 2000 ppm* 

The Amadon compounds of tbia invBotilQa may be used in combinatioa wiih other known food 
additivea^ suGhafi flavour compounds, aroma enhanceacs, and Ibe like. 

15 Thfi iiivention^ is {briber desc^ 

EXAMPLBI 

Pttparaticn of Amadori confound of L-Cfysteine andD-icylose 

20 A solution of 60.5 g (OJO mol) L-cystdne 82.5 g (0^5 mol) D-xylosa and 50 g (about 0.60 
mol) of a mixrture of m^faylated pyndines in 750 ml demineralised water was heated tci about 
9S^C on a water bath in a IL loundrbotlomed flask equipped widi a reflux condenser. Afior 0.5 
' h, 120 g (2,0 mol) aoetio aoid was added andfte solution was heated for a further 6 h at 90^C. 
The converBion to Amadori cratpound was dien about 259& The sdhxtion was cooled to room 

25 temperature and the sothition was flien continuously extracted with ether to remove the 
methylated pyridines. The solution, was passed tibrough a 40 x 4 cm colmmi of Bio-Rad AQ 
50W-X4 (EI^ cation exdiange resin. The column was washed widi I L watra and die absorbed 
substances were displaced fiom die column with 0.3N ammonia. Fractions containing more than 
50% of the compound wm combined and evaporated tn vacuo to small volume. After die 
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addition of just enough eflianbl to cause no cloudloess, otystallme conopound separated. The 
pure compound did not meh Isut decomposed above 170®C. 
Found : C 37.87; H 5.96; N 5.51; S 12.65; O 37.80. 

Calc. for CsHtsNSOi (25327) ; C 37.94; H 5.07; N 5.53; S 12.66; O 37.90. 
5 The product was dried prior to element analysis (pi vacuQ over P2O5, 1 8 h at 69H3). 

The i«sults of a NMR spectnim (in DiO; 8 in ppm^ referenced to sodium S-trimetbylsUyl 
[2A3»3-^]-I«°P*onate) fbltows: 



10 ^^o* isomer 


Minor isomer 


assicnmsnt 


26,9(t) 


25.6(t) 


C6 


53.8(t) 


S0.2(t) 


C3 


61.S(d) 


57.0(d> 


C5 


6S.2(t) 


6S.2(t> 


CH^OH 


15 71.9(d) 


71.6(d) 


j.CHOH 




76.6(d) 




81.5(8} 


80.9(8) 


C2 


173^8) 


173.0(b) 


carboxylcaiboa 


20 BXAlySPUS2 







Piepaiatiaa of Amadori compoimd of L-oyErfdme and I>xylc^ 



L.cystBii)e Jia monrfiydtate (17.6 g; O.l mol) was dissolved in 50 ml of deminfiralized water 
oantained in a 150^ xoundrhottcmausd flask. Disodiom hydrogen phoG^Jhate (14.2 g; 0.10 mol) 
25 or 90% lactilo acid (10 E O-W ^ bAAbA and the pH of ihe resulting solutinn a4iasted to 
5.0 1^ slowly adding vndi stirring an aqaeous 509^ sodivim faydroxide soluHon. The sugar (O.l 1 
mol) was tben added and flie mixtnie stirred ft» I h at 50 to obtain an equiUbitam mixtnra of 
tbiaiwli^e, (rysteme and sugar. After cooling to necm tcmpecatnre. the pH was re-adjusted to 
5A addition of 50% sodhan hydrtndde solution. The water content was adjusted by 
30 evaporation fnw«» to 30%. Tha flask was then equipped, via a double ne^ 
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itkdcbatiical stiner and a reflux condenser^ and heated witti stirring for 7 h in a thennostated 
water bath of 80 ^C. The conversion to Amadoii compoimd is S5%. Isolation vvas pex&cmed as 
described in Example 1. 

S EXAMPIJB3 

Continuous process £br production of ^Amadori compound of L-cystdbo^e and D-xyloae 

The ccmlimious reactor consisted of a 45x2.5 ID cm slass colunm wllfa lencpeRiture contiol 
jacket packed with Bio-lCex 9 anion, exciiange resin (OH), 100-200 rmsh, A lestdctton 

10 consisting of a 500 x 03 mm ID Teflon™ tubing -was connocted to the colunm ouflct to prevent 
the &miation of gas bubbles in die colunm. The cohmm vras themLoatated at 90 ^C. A 50% 
thiazolidine sohilion, prepared by heating equimolar amoimts of qystsine and xylose in water for 
1 h at 50 ^» was punoped tbrongh the column at a rate of 0.S ml/min. Analysis of samples taken 
at regular time intervals showed that the conversion to Amaidorl compound increased &3ml2% 

IS after 2 hrs to 35% aft^ 6 hrs. The yield of the conrespondhig batch process was 22.5%. The 
Amadori compound was isolated from die column eluate by evaporation in vacuo and 
crystallizadon of die residue £rom water^ethanol as in Bxample 1 . 

EXAMPLE4 

20 Preparation of liie Amadori compound of L-cysteine and D-ribose 

The same eqiiipmeni was used as was used in Bxample 1. 12,lg (0.1 mol) of L-cysteme, 
I5g (0.1 mol) of D-ribose and 27J?g (02 mol) of potassium dflrydiogen phosphate to 150 ml 
deminer^ised water were heated for 6h at oa. 90*C under nitrogen* The resulting brown solution 
25 was passed through a 35 x 2.5cti cohinm of Dowex™ 50W-X4 (Jl*) cation exchange resin. The 
neutral components were washed fitom the cotunm wifh IL water and the nitrogenKjontaining 
substances were displaced from tiie colunm with 0.3N ammonia. Fractions containing more than 
50% of the compound were conibined and evaporated in vacuo to small vohnne. After the 
addition of just enou^ ctfaanol to cause no doudine^} crystalline compound separated. The 
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pure compound did not have a shatp melting point bat deconq»08ed at I32--135^ Ito resnte 
of a "C KMR specteum (in DzO; 6 in ppm) were as follOTre: 



Ma jariaomec Minor isomer asfiipiiment 

5 26.8(t) 25.7(t> C6 

55.2(t) 51.1(t) C3 

61.9(d) 57.3(d) C5 

6S.6(t) 65.3(t) CH2OH 

74.0(d) ICHOH 

10 75.9(d) 77.8(d) 

82.7(b) 81.1(8) C2 

174.0(6) 173.5(8) caiboxyl carbon 



EXAMPLES 
IS ftcparatiimof th»A«»doriooiiqioinidofL-^^ 

The process of Exanqde 3 was repeated wlfli L-aiabiiiose instead of I>-7cyl08e. Hie resulting 

etystallioe material melted-widi dacompoatian at 171-173 *C. 

The results of a "CNMR apeetiwa (in DaO; 8 in ppm) were as follows: 

20 



^oriaonier 


]h/r4nnrianner 




26.9(0 


2S.8(t) 


C6 


54.9(t) 


51.7(t) 


C3 


62.1(d) 


57.2(d) 


C5 


25 65.4(t) 


6S.6(t) 


CHiOH 


73.7(d) 


735(d) 


j.C5HOH 


77.7(d) 


76.2(d) 




8l.l(S) 


82.8(8) 


C2 


174.0(a) 


173.6(8) 


carboxyl group 



30 
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EXAMPLE 6 

Proparatloa of die Amadoii oompound of L-f^stdne and D-glttcose 

An aqueoiis solution of 12.1g (0.1 mol) of L-cysteine> 19.8g (O.I mol) of D-glncose and ll.Sg 
5 (0.1 mol) of L-proline vras concentrated in vacuo to a syiup contaiaing sgp^oximately 20% of 
water. The syiupy mixture was heated on a waterbsEttt at Ibr 2.51i. HPLC analysis ahowsd 
fliat, in addition to the Amadori compound of L-cyeteine, ibe Amadori ooniponnd of L^Hne 
was also ibrmed, infte laiia cxf 3:1. The Im>wn wartton mixtnte was dissolved in 500mL water 
and the Amadori compoimda recoveied as described in Bxaznple 2. The lesoltB ofa *'C NMR 
10 sp^tram (in PaOjd in ppm) wave as follows: 



Maior isomer 


Minor iMuner 


Bssienmsnt 


27.1(t) 


25.9(t) 


C6 


34.1(t) 


50J(t) 


C3 


15 61.6(d) 


57.2(d) 


C5 


65.1(t) 


65.1(t) 


C6' 


63.3(t) 


63.0(t) 




71.6(d) 


713(d) ^ 




73.3(d) 


73.5(<0 


j-CHOH 


20 74.4(d) 


7(5.Kd) J 




81.8(b) 


81.1(s) 


C2 


173.6(a) 


173.0(8) 


oazbosQ^ oazbon 



BXAMFLE7 

25 Preparadon of Atuadori compound of L-cysteine and L-rfianmose 

A sohnion of 3.3 g (0.30 mol) L-<QnstBlne 49g (0.27 mol) L-ihamnose monohydrate and 30 g 
(^out 0.0 mol) of a mixtore of metbylated pfyrldines and 72g (I J20 mol) acetic acid in 450 na 
demineralisBd water was heated fiir 8h on a steam bath in a XL round-bottomed flask equipped 
30 widi a leflux condenser. The resulting laown reactioa mixtore was purified as described in 
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Example 1, The lesultixig crystallme compoxtnd decdznposed at 183°C. The xesulte of a ^^C 
NMR spectrum (m D2O; 5 in ppm) were as follows: 



Major isomer Minor isomer a^sigmneat 

5 21,lo¥21.2(<)) 21.1ot21.2(ci) CH3 

2r9(t) 2SS(t) C6 

S4.3(t) 50.8(t) C3 

62.1(d) 57.0(d) C5 

69.9(d) 69.7(d) 

10 75^(d) 74.7(d) CHOH 

75.a(d) 75.4(d) 

81.3($) 81.8(&) C2 

I73.9(&) I73.5(s) carboxyl carbon 



15 EXAMPLES 

SenscKiy evaliuition of Amadoil ooaxqioimds 

A beef broth was pr^ared. Powpoxdons of this biolh were treated as follows; 

20 FordonA: no treatmmt (control): 

Portion B; add ition of 480{]pm (4.QfxmioI/L) L-eysteane -f S52p|nn (4-0 »mol/L) I>ocylos6; 
Portion C: addition of l00()ppm (4.0 mmoI/L) 2-xylosylthi9^olidinje-4H»ffbcK^^ acid 

(piepaied aooordbig to R. Bogodr et al^ liebigs AmuCbem.T ^^T' 6S (1970); 
Portion D: addition of lOOOppm (4.0 mmol/L) of the Amadori coixiponnd of Example 1. 

25 

The nubctuzes were botded and sterilised in an autoclave jEbr Ih at lOO^C. On sensory evahxation. 
Mixture D was preferced, because of its xtmcih strongs meat^ tast&w Moreover, it lacked dbe 
cs/^teine-like off-taste of Mixture B and the hydrogen sulpiiide-lDce off-odoor of Mpcbire C. 
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EXAMPLE9 
Test in a gravy 

A gEHvy wa$ prepared by heating lOOg of commadial, flavoured maigaiixie to l€0°C. On 
5 reaching this temperature, SSinl water was ai^ 



A second gravy was pnspared by adding lOOmg (lOOOppm) of the Amadoii inm^ound of 
Example 2 to lOOg of margarine and heating to 160*C. When this tfioaperature was reached, 
3Sxnl water was added. 

A taste oanqiansan. revealed a condidmble prefennent fc»r the gravy cootaiiiixig the Amadori 
coropDqnd, because of its pionomiced. nicely toast, meaty taste. 
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CLAIMS 

1, Aootapoimdofliie&nnulal: 

C^a — CH — HN — CH2 -Cj (CHOIft, 



1.1. 



OH ° 



in -which R is hydrogm. wlwn ii-«l-4, or mediyl when ii=0-3. 

2. A mothod of preparing a compound aoooiding to claim 1, compiiaitiS flio icactton of 
cysteine wilh a sugar in either aqueous soliitian or in a mixtme of water and water- 

10 nusdblB solvents. 

3. A method of confening a meaty flaivour or aroma on a foodatwflf, cotnpriring Ihe addition 
to the feodstuflfbetoe healii^ of a compoimd according to dam 

15 4. Use of a con5>o«nd according to claim 1 to confer on a foodalaff a mealy flavour or 
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ABSTRACT 

The AnuuSon conqioimds of Qystdae 



c^a — 'CH — HN — cm C (( 



5 

la, yrhicli R. is hydrogen when n=l or methyl vAxm iif=0-S. The compounds are useful for 
oonfemng meaty tastes and aromas on foodstufTs. 



